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Abstract 
The color is an important factor to distinguish the commercialized Amazon river prawns. The 
accumulation of pigments in the body can vary according to the prawn’s diet. In this work, 
ethanolic extracts of “buriti” and annatto rich in pigments were obtained and tested 
comparatively with synthetic astaxanthin in the feeding of adults of Macrobrachium 
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amazonicum, together with a control group without pigments and a newly captured wild 
group. Levels of body pigments were measured using UV reflective spectroscopy and 
external staining by colorimetry. Differences were observed in the accumulation of 
astaxanthin in body tissues, differences in saturation between genders and that annatto extract 
has greater stability in the feed after water immersion (P˂0.05). Further studies are 
recommended to verify the ideal dosage of natural pigments in relation to synthetic 
astaxanthin that benefits the productive development of prawns. 
Keywords: astaxanthin, color, supplement, tissue accumulation 
1. Introduction 
The Amazon river prawn Macrobrachium amazonicum is a species of freshwater crustacean, 
diadromous, from South America (Fabri et al., 2019). Widely used for fishing in the northern 
region of the continent, in addition to aquaculture production with the rearing of juveniles 
captured in the wild and post larvae produced in the laboratory, extending their production to 
several locations in Brazil (Marques et al., 2012; Silva et al., 2017; Melo et al., 2020). 
Several researches have been directed to optimize their breeding in captivity, since it is a 
species with good acceptance by the consumer and good market value, relatively easy to 
grow and adapted to most growing conditions, including those integrated with other aquatic 
organisms (Flickinger et al., 2019; Dantas et al., 2020; Dutra et al., 2020; Lima et al., 2020). 
The natural color of M. amazonicum when cooked is reddish (Costa and Miranda-Filho, 
2020), a characteristic that can be observed in popular markets in northern Brazil where this 
prawn is commercialized. This color manifests itself due to the presence of astaxanthin, the 
main carotenoid pigment in the body of crustaceans (Wade et al., 2017). This carotenoid can 
be present in the natural foods of prawn such as zooplankton, be added in synthetic form or 
be converted by the xanthophyll and carotene present in foods of plant origin (Costa and 
Miranda-Filho, 2020). Maintaining adequate levels of body astaxanthin in crustaceans, in 
addition to improving the characteristic color for their commercialization, ensures that these 
reserves can supply its needs for functions such as retinoid and antioxidant (Aguirre-Hinojosa, 
et al., 2012; Daniel et al., 2017). The lack of this pigment can lead to diseases that 
compromise the normal development of crustaceans and increase mortality in captivity 
(Aguirre-Hinojosa et al., 2012; Niu et al., 2011). Astaxanthin stimulates growth, reproduction, 
larval development, it is present in both tissues and crustacean eggs and its deposition is 
stimulated both by the consumption of foods rich in pigments and by the darker growing 
environment (Tume et al., 2009; Tomas et al., 2019; Costa and Miranda-Filho, 2020). 
In the Amazon region there are several foods rich in natural pigments. The advantages of 
using these supplements in animal feed are the availability and low cost compared to 
synthetic products, the possibility of organic or extractive production through sustainable 
management and the possibility of production by small farmers who already work with the 
capture and cultivation of prawn. As example, we can mention the “buriti” Mauritia flexuosa, 
natural source of beta-carotene and annatto Bixa sp. rich in bixin (Saini et al., 2015), both of 
which have already been studied as sources of carotenoids for animal feed (Dananjaya et al., 
2017; Morais et al., 2017). 
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Therefore, the present study aims to evaluate the potential of Amazon plant extracts and 
synthetic astaxanthin related to pigmentary deposition in various tissues and its influence on 
the external pigmentation of the shell in adults of M. amazonicum maintained in closed 
systems in comparison with wild and also between the sexes. 
2. Method 
2.1 Animal Accommodation  
The prawns used in the study were obtained from fishermen in the Macapá region - AP 
(00º02'20"N, 51º03'59"W), taken to the aquaculture and fisheries laboratory of the Amapá 
Agroforestry Research Center, EMBRAPA/Amapá. 
The 36 prawns, divided into 3 repetitions, used to study the wild characteristics were readily 
analyzed according to the parameters of the study. The other 144 animals (in the treatments 
with experimental diets) were grown in twelve 60-liter tanks, consisting in four treatments 
with three replicates in each one. 
Water quality parameters: temperature (T°C), hydrogenation potential (pH), dissolved oxygen 
(DO), electrical conductivity (EC), total dissolved solids (TDS), salinity (SAL) and oxidation 
potential (PO) were measured with a U-5000 multiparameter probe (HORIBA®, Kyoto, 
Japan). Total ammoniacal nitrogen (TA-N), nitrogen as nitrite (NO2--N) and alkalinity (ALC) 
were determined using colorimetric kits and HI 83200 multiparametric photometer 
(HANNA® Instruments, Woonsocket, Rhode Island, USA). 
The water physicochemical variables presented the following average values: temperature 
27.45ºC (± 0.47); pH 8.5 (± 0.42); dissolved oxygen 7.06 mg/L (± 1.14); electrical 
conductivity 0.45 mS/cm (± 0.04); total dissolved solids 0.30 mg/L (± 0.03); salinity 0.2‰; 
total ammonia 0.12 mg/L (± 0.04); nitrite 0.09 mg/L (± 0.02); oxidation potential 205.45 mV 
(± 26.96) and alkalinity 43.49 mg/L CaCO3 (± 9.59). 
2.2 Experimental Diets 
In order to prepare the ethanol extracts, 100 g of each fruit (“buriti” and annatto) were 
crushed in a blender together with 96°GL ethanol, rested for 24 h at 30°C to extract the 
pigments. The extracts were separated from the fibrous residue by filter and their volume 
corrected for 100 mL. In the case of the synthetic astaxanthin, 2 g of the product were diluted 
in water (10 mL) and the rest of the volume completed with the same ethanol to be equal to 
the other extracts. Only the ethanol and water solution were reserved for the control group. 
The extracts were included in the diets by spraying them on the surface of the extruded 
commercial feed pellets (38% Crude Protein) and dried for 8 h in an oven at 60°C. The ration 
was supplied in the amount of 2 g per replica daily (3.3% of live weight) divided into two 
rations, being 0.5 g in the morning (10:00 a.m.) and 1.5 g in the evening (06:00 p.m.). 
2.3 Experimental Test 
The experiment was designed in randomized blocks, containing five treatments with three 
replications and analyzed in a 5 x 2 factorial scheme (five treatments and two sexes). 180 
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prawns were distributed in five groups containing 4 males (6.08 ± 1.96 g) and 8 females (4.55 
± 1.03 g) according to the diet: 1) animals submitted to the control diet without the inclusion 
of pigments (CONT); 2) animals submitted to a diet containing natural extract of “buriti” that 
has beta-carotene as the main pigment (BUR); 3) animals submitted to the diet with natural 
extract of “annatto”, including bixin as the main pigment (URU); 4) animals submitted to the 
diet with synthetic astaxanthin (ASTX) and 5) animals that were not submitted to any 
artificial diet (NATURAL). Thus, one group representing the wild diet, two groups with a 
low concentration of pigments and two groups with a high concentration of pigments, as 
described in Table 1. 
2.4 Pigment in the Tissue 
For the analysis of pigment concentration, one male and one female from each repetition (n = 
6) were randomly sampled and dissected to separate the tissues to be analyzed (stomach, 
hepatopancreas, gonads, muscle, shell and the rest of the cephalothorax and abdomen).  
Table 1. Concentration of pigments (DM) of the experimental diets of Macrobrachium 
amazonicum 
Carotenoids Experimental Diets 
 CONT BUR URU ASTX 
β-carotene (mg/kg) 15.71 38.09 - - 
Bixin (mg/kg) - - 289.71 - 
Astaxanthin (mg/kg) - - - 197.45 
DM = Dry Matter; CONT = control; BUR = “buriti” extract; URU = “annatto” extract; ASTX 
= syntetic astaxanthin. 
The prawn tissues were macerated in 96°GL ethanol and analyzed in a UV SP220 
spectrophotometer (Bioespectro®, Curitiba-PR, Brazil), at a wavelength of 478 nm of 
absorbance (ABS) of astaxanthin and absorption coefficient E1% 1 cm 2100 for the 
calculation of the concentration astaxanthin (mg/Kg) contained in the tissue (ACT). For the 
diets (Table 1), the same technique as the ASTX diet was used with the same values for the 
animals, for CONT and BUR, 452 nm ABS and E1% 1cm 2620 absorption coefficient and in 
the URU diet, the 457 nm ABS and the absorption coefficient of E1% 1 cm 3443. For the 
determination of retinol, ABS was used at 325 nm and the absorption coefficient E1% 1 cm 
1780, as in the methodology described by Dias et al. (2010). The calculation was performed 
using the Rodriguez-Amaya (2001) methodology and from Rodriguez-Amaya & Kimura 
(2004), the following equation (1): 
[mg of pigment / Kg] = (ABS x DF x V) / (CA x (g)) (1) 
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Where: 
ABS = absorbance of the pigment in the ethanol solution (nm) 
DF = dilution factor (= 1,000,000) 
V = volume of the solution 
CA = E1% 1 cm pigment absorption coefficient in ethanol 
g = grams of sample used 
2.5 Color Analysis 
The colorimetric analysis of the prawns’ body surface was performed by reflective 
spectroscopy, using a digital colorimeter (Minolta Color Reader CR-400), according to the 
CIE system L * C * h, where L = luminosity, C = saturation and h = hue.  
The readings were taken on the shell at five points: on the cephalothorax on the dorsal part 
behind the rostrum and lateral on the hepatic region, between the first and the second somite 
in the abdominal region of the pleura and in the dorsal region, and in the dorsal part of the 
telson. Sampled after cooking for 1 minute at 100°C and averaged for comparison. 
2.6 Pigment Stability in the Ration 
Homogenized samples of the same experimental feed (provided to the prawns) were collected, 
crushed into porcelain grains bowls, weighed (1.0 g) and analyzed in quadruplicate by the 
carotenoid determination methodology previously described. The prepared material was 
immersed in test tubes with 10 mL of distilled water solution with salinity of 0.2‰, pH 8.5 
(corrected with CaCO3) and 27.5°C for 0, 60, 120 and 240 minutes in thermostatic bath under 
agitation. 
2.7 Statistical Analysis 
The data were initially submitted to the Shapiro-Wilk normality test. ANOVA with Duncan 
test were used for astaxanthin concentration variables, Kruskal-Wallis test for color variables, 
Friedman test for comparing astaxanthin averages between tissues and polynomial regression 
for pigment stability tests in the feed, all with significance level of 5%. Statistical analysis 
was performed using the INFOSTAT program, version 2019 (Casanoves et al., 2012). 
3. Results 
3.1 Pigment Analysis in the Tissue 
The results for tissue pigmentation are shown in Table 1A (Appendix). As observed, 
astaxanthin in the abdomen in the ASTX treatment was similar to the NATURAL group and 
superior to the other treatments (p<0.05), while in the cephalothorax and shell these two 
treatments had a better result than the other groups (p<0.05). In hepatopancreas, the ASTX 
treatment performed better than all other treatments (p<0.05), while in the gonads, it was 
superior to the BUR and NATURAL groups (p<0.05). Between genders, males had higher 
values of astaxanthin in the abdomen and shell and females in the gonads (p<0.05). 
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In males, the abdomen had a level of astaxanthin similar to the NATURAL group in the URU 
and ASTX treatments. In the cephalothorax and stomach, the NATURAL group obtained a 
better result than CONTROL (p<0.05), while in hepatopancreas, the ASTX group was 
superior to CONTROL (p <0.05). The ASTX treatment and the NATURAL group had 
superior results compared to the BUR treatment in the shell (p<0.05). 
In females, the ASTX and NATURAL treatments showed a better result in the abdomen than 
the other treatments (p<0.05), while in the cephalothorax, ASTX was superior to the other 
treatments and the NATURAL group was superior to CONTROL (p<0.05). In hepatopancreas 
and in the shell, ASTX and NATURAL also had a better result than the other treatments, 
however, in the ASTX shell, it was also superior to NATURAL group (p<0.05). In the gonads, 
NATURAL group performed better, while ASTX treatment was superior to CONTROL 
(p<0.05). 
Among the tissues, the stomach showed a higher rate of pigment accumulation followed by 
gonads and hepatopancreas. The muscle had the lowest accumulations of astaxanthin 
(p<0.05). However, in males, the shell accumulated more pigment than the gonads (p <0.05), 
and in females the levels of gonads and stomachs had similar levels (p <0.05). 
3.2 Color Analysis 
A significant difference was observed only between genders in C, with males having greater 
color saturation than females (p <0.05) according to Table 2A (Appendix). 
3.3 Analysis of Pigment Stability in the Ration 
As can be seen in figure 1, annatto extract has greater stability in the diet from 60 to 240 
minutes after immersion. 
 
Figure 1. Pigment stability in prawn feed after immersion in water. CONTROL = no pigment 
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added, BUR = “buriti” extract, URU = annatto extract, ASTX = syntetic astaxanthin, 
NATURAL = wild diet. 
4. Discussion 
The use of synthetic astaxanthin was more efficient in the pigmentation of several body 
tissues except for the musculature in which the pigment levels were below the other tissues 
and remained stable despite the quantitative and qualitative variations of the extracts. 
Although it has shown intermediate responses between the highest and lowest levels of 
astaxanthin in tissues, annatto extract can be a potential supplement to replace synthetic 
astaxanthin (Fries et al., 2014; Safari and Atash, 2015; Dananjaya et al., 2017). However, 
more studies are demanded to determine the amount needed to supply the requirement for 
pigment by M. amazonicum and the time of use that allows its metabolization. As precursor, 
the amount of annatto extract added is generally higher than astaxanthin, since there is a 
metabolic cost for conversion of the precursor carotenoid, such as the energy expenditure in 
the oxidation process carried out in the organism (Güroy et al., 2012; Costa and 
Miranda-Filho, 2020). In addition to the pigment accumulation and color manifestation, the 
reproductive function can be influenced by the use of the pigment related to female fertility 
and larval survival (Ribeiro et al., 2001; Tizkar et al., 2014). 
“Buriti” extract had a low pigment yield in its extraction, probably because of the lack of heat 
treatment during extraction with commercial ethanol, as recommended by Ribeiro et al. 
(2010). However, its use was sufficient in some tissues to guarantee a minimum pigment 
supply and comparable to other treatments with higher concentration. Probably because of 
the use of flavonoids with antioxidant function present in “buriti” and highly soluble in 
ethanol (Moura-Filho et al., 2017), which could contribute to the demand for antioxidants, 
having a synergistic effect with carotenoids in this function (Fattore et al., 2016). The 
preparation of feed from “buriti” can contribute to the accumulation of body pigments, since 
the presence of beta-carotene is beneficial for crustaceans (Madhumathi and Rengasamy, 
2011). 
In addition to the use of “buriti” oil in the feed of M. amazonicum to provide greater final 
biomass in cultivation (Guerra et al., 2019), the study of the necessary quantity can determine 
the ways of its use in the crustacean feeding. 
There was no variation in the concentration of pigments in the gonads of males and in the 
stomachs of females. In the case of males, less need for carotenoid in the formation of 
gametes was observed, although it is essential and can be stimulated by the consumption of 
astaxanthin precursors (Braga et al., 2013). In female gonads, the presence of developing 
eggs can influence the amount of pigment, since the deposition of pigments in crustacean 
eggs is essential for their perfect development (Maulana et al., 2017; Wang et al., 2018). In 
the case of stomachs, they can serve as a deposition site for body pigment, however previous 
studies have not addressed the quantification of pigments in gastric tissue. As the body 
structure of M. amazonicum is generally transparent, the dark color of the stomach and 
hepatopancreas are visually noticed. 
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Males showed greater pigment accumulation in the abdomen and shell, probably due to the 
lower demand for pigment for reproduction in relation to females, since in gonads the volume 
of pigment in females is greater than in males. In this sense, astaxanthin stored in 
hepatopancreas lipocarotenoproteins is transported by vitellogenin and accumulates in the 
eggs forming inside the gonads (Corral-Rosales et al., 2019). 
The tissues of M. amazonicum have heterogeneous amounts of pigments, and this 
accumulation is influenced by the function of the pigment in a given tissue, which can be 
related to mimicry, protection of gametes, or reserve material (Wade et al., 2017). Due to the 
high concentration of pigments, some organs of M. amazonicum are visible in the 
cephalothorax, being greenish in the gonads and brown, gray or black in the other organs. 
The rest of the body is predominantly transparent with some spots with chromatophores with 
colors similar to those of the organs.  
According to Babin et al. (2019), the accumulation of carotenoids in crustaceans depends on 
their environmental availability (for animal consumption) and individual characteristics. 
According to these authors, their main uses in metabolism are immunological (processes of 
resistance and tolerance), in addition to survival strategies related to aging. 
Despite the quantitative differences in pigment in the internal tissues, the treatments did not 
influence the external color of the prawn, which remained homogeneous. This shows that 
surface color does not reflect the body quantity of astaxanthin and does not serve to predict 
product quality related to carotenoid content. According to Aréchiga-Palomera et al. (2018), 
external coloring is related to the environment due to the mimicry relationship in which 
crustaceans intensify their pigmentation to be confused with the darker pond, or decrease in a 
lighter pond, as observed in Macrobrachium tenellum. As there are differences between the 
sexes in the concentration of astaxanthin in the shell and in the abdomen, where the color 
measurement was located, in this case, the data may have some relationship. 
The color difference can determine a greater preference for crustaceans’ consumers (Parisenti 
et al., 2011), giving advantage to males. Also associated with the fact that the male prawns 
are larger than the female, there is a greater demand for males in the local trade, according to 
local fishermen. But the size difference between males, according to morphotypes, must also 
be considered, which is determined by population dynamics in which it is not possible to 
have uniformity in the size of the entire male population (Pantaleão et al., 2014). 
In the pigment stability test, the annatto extract performed better than the others. This greater 
stability is a factor that makes it interesting to use this supplement in the feed for aquaculture 
use. According to Tsimidou and Tsatsaroni (1993), the main factors that influence the stability 
of carotenoid pigments in aqueous media are light intensity, pH and temperature. As in this 
work these conditions were controlled, the water solubility can be pointed out as the main 
determinant for the test result. Since xanthophylls (such as astaxanthin) have a greater 
number of oxygen atoms, they tend to establish a greater number of hydrogen and 
hydroperoxide bonds, which may increase their affinity for water (Ramakrishnan and Francis, 
1979), while the polygenic chain of bixin makes it highly hydrophobic, preventing its 
solubility in aqueous medium (Jahangiri et al., 2018). 
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Future studies should explore the effectiveness, concentration and application of natural 
pigments and synthetic astaxanthin for M. amazonicum and their role in growth, reproduction, 
pigmentation and enrichment of the final product. Since pigment-rich foods are important for 
the growth and survival of prawn of the genus Macrobrachium (such as Macrobrachium 
rosenbergii) (Zelaty et al., 2016A; Zelaty et al., 2016B), and directly affect the immunity of 
invertebrates in general (Tan et al., 2020), the use of these and other resources of natural 
origin can facilitate local producers to prepare and use these pigments in a sustainable and 
economical way. 
5. Conclusions 
The use of different carotenoid pigments in the diet of Amazonian river prawn M 
amazonicum resulted in different accumulation of astaxanthin in the body tissues of the 
species. Biologically, this build-up can improve its reproduction. In addition, the carotenoid 
content may be more appealing to human nutrition. The shell external color is different 
between the sexes, being more saturated in males than females. The annatto extract has the 
greatest stability in the ration when immersed in water for a period of 60 to 240 minutes. 
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Appendix 
Table 1A. Tissue astaxanthin levels (mean and standard deviation) in Macrobrachium 
amazonicum fed with different sources of carotenoid pigments 
Groups Body tissue 





CONTROL 4.89 ± 2.01a 8.34 ± 5.66a 1.69 ± 0.36 9.17 ± 7.01a 33.35 ± 
19.53 
11.85 ± 7.75a 20.90 ± 
15.17ab 
BUR 5.06 ± 2.02a 11.61 ± 3.71a 1.09 ± 0.32 13.30 ± 5.7a 44.36 ± 
25.03 
11.40 ± 5.20a 16.59 ± 6.72a 
URU 6.23 ± 4.32ab 12.81 ± 5.31a 1.25 ± 0.96 14.76 ± 7.23a 50.81 ± 
10.46 
13.36 ± 10.46a 20.21 ± 
10.70ab 
ASTX 11.94 ± 2.54c 22.65 ± 2.42b 2.14 ± 1.21 42.84 ± 28.09b 59.61 ± 5.45 32.32 ± 5.45b 39.20 ± 
22.72b 
NATURAL 8.84 ± 2.08bc 21.87 ± 9.75b 1.85 ± 0.83 23.36 ± 6.94a 61.06 ± 
10.05 
23.00 ± 10.05b 27.17 ± 
17.14a 
Male 9.15 ± 2.88b 18.22 ± 8.00 1.67 ± 0.99 24.43 ± 22.23 58.30 ± 
26.26 
23.00 ± 8.99b 17.25 ± 
11.57a 
Female 5.64 ± 3.72a 12.69 ± 7.28 1.30 ± 0.72 16.94 ± 11.46 41.38 ± 
23.91 





CONTROL 6.38 ± 0.91a 11.05 ± 5.28a 1.05 ± 0.12 11.08 ± 8.85a 30.05 ± 
15.32a 
18.43 ± 3.41ab 21.60 ± 
19.49 
BUR 6.71 ± 0.31a 14.11 ± 2.68ab 1.10 ± 0.15 18.06 ± 3.73ab 68.82 ± 
19.27ab 
15.50 ± 1.71a 11.75 ± 4.87 






ASTX 12.42 ± 2.43b 20.72 ± 1.20ab 2.61 ± 1.72 53.03 ± 40.75b 67.10 ± 
17.00ab 
31.06 ± 3.93b 19.91 ± 
12.04 
NATURAL 10.48 ± 1.63b 30.30 ± 4.20b 1.71 ± 1.65 20.81 ± 9.22ab 79.35 ± 
38.50b 





CONTROL 3.41 ± 1.64a 5.64 ± 5.49a 1.16 ± 0.54 7.25 ± 5.80a 36.64 ± 
26.19 
5.27 ± 2.94a 20.21 ± 
13.92a 
BUR 3.41 ± 1.39a 9.10 ± 2.90ab 1.09 ± 0.49 8.54 ± 0.82a 32.79 ± 
14.87 
7.24 ± 3.75a 21.44 ± 
4.32ab 
URU 2.72 ± 0.71a 10.71 ± 3.31ab 1.58 ± 0.23 10.34 ± 8.13a 42.54 ± 5.34 6.67 ± 1.63a 22.04 ± 
9.29ab 
ASTX 11.46 ± 3.09c 24.57± 1.44c 1.68 ± 0.29 32.64 ± 0.52b 52.12 ± 
50.31 
33.58 ± 7.36c 58.49 ± 5.49c 
NATURAL 7.19 ± 0.21b 13.44 ± 2.57b 1.98 ± 1.10 25.90 ± 3.99b 42.78 ± 
14.52 
16.03 ± 2.51b 39.68 ± 
12.76b 






Tissue Male 9.15 ± 2.88B 18.22 ± 8.00CD 1.67 
±0.99A 
24.43 ± 22.23CDE 56. 00 ± 
26.55G 
22.3 ± 8.99F 17.25 ± 
11.57C 
 Female 5.4 ± 3.72B 12.69 ± 7.28C 1.30±0.72A 16.94 ± 11.46DE 41.38±23.90F 13.77±11.52CD 32.38±17.54F 
Different lowercase letters in the same column show significant differences (p <0.05) by 
Duncan's test and different uppercase letters in the same line show significant differences (p 
<0.05) by Friedman's test. CONTROL = no pigment added, BUR = buriti extract, URU = 
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Table 2A. Measured Color (mean and standard deviation) in Macrobrachium amazonicum fed 
with different sources of carotenoid pigments 
Groups Color space 





CONT 53.20 ± 9.32 25.39 ± 5.12 52.25 ± 9.85 
BUR 67.36 ± 23.18 28.00 ± 11.58 67.98 ± 20.25 
URU 57.21 ± 19.25 25.53 ± 9.08 56.79 ± 18.78 
ASTX 61.82 ± 18.04 30.79 ± 9.09 59.82 ± 17.12 
NATURAL 82.14 ± 31.66 38.04 ± 17.75 80.41 ± 31.41 
Male 69.71 ± 29.64 34.94 ± 13.80b 67.30 ± 29.02 




CONT 51.29 ± 11.37 28.30 ± 5.33 47.99 ± 9.44 
BUR 77.74 ± 31.24 34.35 ± 14.43 75.81 ± 28.01 
URU 53.52 ± 28.13 29.40 ± 11.95 51.05 ± 27.25 
ASTX 71.43 ± 22.28 36.94 ± 9.09 68.64 ± 21.19 




CONT 55.10 ± 8.77 22.48 ± 3.43 56.51 ± 9.94 
BUR 56.98 ± 6.67 21.66 ± 2.48 60.16 ± 7.58 
URU 60.91 ± 9.71 21.65 ± 4.30 62.54 ± 6.32 
ASTX 52.21 ± 6.29 24.64 ± 3.23 51.00 ± 7.10 
NATURAL 69.72 ± 14.64 30.37 ± 5.70 67.82 ± 14.84 
Different letters in the same column demonstrate significant differences (p <0.05) using the 
Kruskal-Wallis test. CONTROL = no pigment added, BUR = buriti extract, URU = annatto 
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